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 
Abstract—In this paper, the design and simulation of an 
electron injector based on a thermionic RF modulated electron 
gun for particle accelerator applications is presented. The electron 
gun is based on a gridded thermionic cathode with the geometry 
based on a Pierce-type configuration. Both theory and numerical 
simulation were used to explore the relationship between the 
bunch length and charge. The reasons for the pulse widening were 
also analyzed. The beam dynamics simulations showed that a 
minimum pulse length of 106 ps could be achieved with a bunch 
charge of 33 pC when the driving RF frequency was 1.5 GHz. The 
average transverse emittance was about 17 mm⸱mrad from the 
particle-in-cell simulations. Operating at a higher RF frequency 
did not significantly reduce the micro-pulse length. 
 
Index Terms— RF gun, thermionic electron gun, particle 
accelerators.  
I. INTRODUCTION 
Electron beam sources in radio-frequency (RF) electron guns 
which generate high peak current and low emittance electron 
beams in a particle accelerator are core to the operation of 
coherent radiation sources such as Free-electron lasers (FELs) 
[1] and medical linacs [2]. There are three main types of RF 
electron guns used as injectors, including thermionic cathodes 
[3], photocathodes [4], and field emission cathodes [5]. In 
thermionic RF guns, the cathode is heated and electrons are 
continuously emitted and accelerated during the half RF period. 
This results in a long electron beam pulse and a wide energy 
spread at the exit of the linac. The problem of energy spread and 
pulse duration control is solved by using photocathode RF guns, 
where a laser pulse is used to extract the electrons from the 
cathode material. Short laser pulses generate short electron 
bunches with higher current densities. However, the 
performance of photocathodes is limited by the availability of 
the high power laser. Another type of RF gun is based on field 
emission which uses a needle-shaped cathode placed in a high 
electric field but it is fragile and prone to damage by 
vaporization of the cathode tip when generating high current 
density electron pulses. 
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The photocathode can generate the ideal electron bunch for 
the accelerator. It has the advantages of large current density, 
short pulse and low intrinsic emittance to match every 
acceleration RF bucket, and high quality producing low 
emittance electron beams [4, 6-9]. However, there are 
challenges involved in operating photocathodes such as in-
vacuum photocathode replacement systems to improve lifetime, 
requirements of ultra-high vacuum, as well as use of a high 
power drive laser which limits its applications to particle 
accelerators that require the very lowest emittance beams. 
As a comparison, the thermionic cathode can produce high 
average power electron beams and has the advantages of a long 
lifetime, proven in many vacuum electronic devices which have 
operating lifetimes of longer than 100,000 hours. The 
thermionic cathode is also cost-effective and can produce large 
current densities of 10-100 A/cm2  with increased lifetime 
achieved the lower the current density due to a more modest 
emitter operating temperature [10]. A thermionic RF gun is 
compact in structure and is relatively simple to operate. It also 
can be operated at high repetition rates.  
Normally a diode or triode type thermionic electron gun is 
used. In a diode-type cathode, the high voltage is applied 
between the cathode and the anode to produce a CW electron 
beam. The electrons that fill the acceleration RF bucket are 
accelerated. The electrons outside the acceleration RF bucket 
will either strike the acceleration cavity’s wall or back bombard 
on the cathode surface. It can cause significant thermal issues 
and shorten the cathode’s lifetime as well as producing stray X-
ray radiation. 
The object of this paper is to investigate the modulation of 
the electron beam, produced by the thermionic cathode, to 
significantly improve the efficiency of electron beam 
acceleration. The diode-type cathode can be gated by switching 
on/off the high voltage power supply. However, its repetition 
rate is very low. A triode-type cathode which has an additional 
electrode between the cathode and anode can achieve a much 
higher repetition rate since the required drive voltage is much 
lower. It can be driven by an RF voltage to gate the electron 
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beam and has attracted a great deal of interest as an electron 
beam source in RF linacs [11-14] as the electron micro-pulses 
can be matched with the acceleration RF buckets as well as 
achieving control of the emitted electron beam.  
The charge, length and emittance of the generated electron 
bunch are important parameters for the thermionic RF 
modulated gun used in linacs. In this paper, their relation was 
obtained from a simplified theoretical model and further studied 
by particle-in-cell simulation through the design of an RF gun 
for a  linac [15]. Section II discusses the configuration of the 
RF gun as well as the RF cavity. The theoretical model of the 
RF gun and the relationship between the bunch charge and 
bunch length is presented in section III. Section IV describes 
the design process of an RF electron gun. The performance, 
including the relationship between the bunch charge and bunch 
length and the reasons for the widening of the bunch length is 
discussed in section V.  
II. CONFIGURATIONS OF THE RF GUN 
The configuration of the electron gun with RF gating is 
shown in Fig. 1. The emitted electron beam is modulated by the 
RF voltage, applied between the cathode and the grid. The RF 
gun in Fig. 1(a) is placed at the entrance of the RF acceleration 
cells, and the electron beam will be directly accelerated by the 
electric field in the cells [3, 11, 13, 14]. It has the advantage that 
the cathode structure is simple. However, since the cathode is 
also a part of the RF acceleration circuit, it is difficult to be 
demounted because it may change the cavity parameters, and it 
is hard to avoid RF heating of the grid. The configuration in 
Fig. 1(b) contains an additional DC acceleration section. It 
enables pre-acceleration of the electron beam and focusing of 
the emitted electrons to achieve a smaller radius and divergence 
since an optimal focusing electrode can be used [16]. Another 
advantage is the design of the cathode and the acceleration cells 
can be decoupled. The RF gun can be demountable to save the 
cost of replacing the whole linac as well as reducing 
maintenance. The electron gun in the linac requires long 
lifetime, low cost and needs to be easily maintained on a limited 
budget, hence a demountable capability can be very attractive. 
Therefore, the configuration in Fig. 1(b) is studied in this paper. 
 
Fig. 1.  The configuration of the RF gun, (a) without DC pre-acceleration, (b) 
with DC pre-acceleration. 
 
The initial electron beam parameters of the proposed linac 
are listed in Table 1. The study was to design a thermionic 
cathode RF gated gun to meet the required beam parameters, 
and also to investigate the properties of the electron bunch, 
including the bunch charge, bunch length and emittance.  
Table 1 the specifications of the linac 
Beam energy 6 MeV 
Acceleration frequency  3 GHz 
Repetition rate 300 Hz 
RF pulse length 7.5 us 
RF gated frequency (GHz) 1.5 or 3.0 
Bunch charge Q (pc) 33.3 @ 1.5 GHz 
16.7 @ 3.0 GHz 
Bunch length 𝜏 (ps) As short as possible 
Peak current (A) Q/𝜏 
Pre-acceleration voltage (kV) 25 
Beam radius (mm) <2.5 
III. A THEORETICAL MODEL OF THE BUNCH LENGTH 
The RF voltage can be driven through a capacitively-loaded 
coaxial cavity. Its basic geometry is shown in Fig. 2(a) and its 
eigenfrequency 𝜔0 can be estimated with 
1
𝑍0
cot(𝛽𝐿) − 𝜔0𝐶 = 0         (1) 
where 𝑍0  is the impedance, 𝛽 is the wavenumber, and the 
capacitance of the cavity 𝐶 = 𝐶1 + 𝐶2 =
𝜀𝜋𝑎2
𝑑
+ 4𝜀𝑎 ln
𝑏−𝑎
𝑑
. 
The eigenfrequency is more sensitive to the cavity length L, 
therefore it can be used for fine-tuning after the other 
dimensions are determined.  
A practical structure of the input cavity for the RF electron 
gun is shown in Fig. 2(b) [17]. The parameters 𝑎, 𝑏 and 𝑑 are 
determined by the electron gun geometry. Its eigenfrequency 
can be tuned by the cavity length. Fig. 2(b) also shows its 
electric field pattern calculated using the 3D EM simulation 
software CST Microwave Studio at a resonance frequency of 
1.5 GHz.  In the simulation, the grid structure is simplified as a 
perfect electrical conductor (PEC) since the sizes of the grids 
are much smaller than the wavelength of the operating mode. 
 
Fig. 2. The schematic of a coaxial input cavity (a) and the electric field pattern 
from the eigenmode simulation (b). 
 
The thermionic electron gun can operate in the space charge 
limited or temperature limited regimes. The space charge 
limited current density follows the Child Langmuir law [18], 
which is determined by the field strength at the emitter surface, 
while the current density at the temperature limited regime 
follows with Richardson's law and it is mainly determined by 
the temperature at the emitter surface [19]. To be RF gated, the 
electron gun in the linac should operate at the space charge 
limited regime to totally switch off the electron beam. Also 
operating at lower temperatures and smaller current density, an 
electron gun with a long lifetime and low emittance is possible. 
The current density in the space charge limited emission regime 
applied with a static electric field is given by 
𝐽 =
𝐼
𝑆
=
4𝜀0
9
√
2𝑒
𝑚
𝑈𝑔𝑟𝑖𝑑
3/2
𝑑2
     (𝑈𝑔𝑟𝑖𝑑 > 0)          (2) 
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where 𝑈𝑔𝑟𝑖𝑑  is the total voltage across the cathode and the grid, 
𝑑 is their distance, and 𝑆 is the area of the cathode. When driven 
by a RF voltage 𝑈𝑟𝑓, the emitted current will also be modulated 
with the same frequency. However, when the frequency of RF 
voltage is high, and the pulse length of the electron beam is less 
than the transit time from the emitter to the grid, the classic 
Child Langmuir law will no longer be valid. The current density 
for a short current pulse can be obtained by applying a 
correction factor to the steady-state value of the classic Child 
Langmuir law, which is given by [20] 
𝐽𝑠ℎ𝑜𝑟𝑡 = 2
1−√1−3𝑋𝐶𝐿
2 /4
𝑋𝐶𝐿
3 𝐽            (3) 
where 𝑋𝐶𝐿 = 𝜏/𝑇𝐶𝐿 ≤ 1  is the normalized transit time and 
𝑇𝐶𝐿 = 3𝑑/√2𝑒𝑈𝑔𝑟𝑖𝑑/𝑚 is the transit time from the emitter to 
the grid. For the thermionic RF gated gun studied in this paper, 
the transit time is ~ 60 ps, and it is smaller than the pulse 
duration (~100 ps). The classic Child Langmuir law is still 
valid. 
Eq. 2 indicates that the current emits from the cathode at half 
of the RF cycle when 𝑈𝑔𝑟𝑖𝑑 > 0. To control the emission time, 
a negative bias voltage 𝑈𝑏𝑖𝑎𝑠 can be applied to stop the emission 
of the electrons, and the total grid voltage becomes 
𝑈𝑔𝑟𝑖𝑑 = 𝑈𝑟𝑓 cos(2π𝑓𝑡 − 𝜃) + 𝑈𝑏𝑖𝑎𝑠       (4) 
Fig. 3 shows the typical waveforms of the control voltage and 
the emitted current. In the linac, the required electron beam 
current is relatively small and the beam energy is low. A large 
beam aperture can be used and results in a small current density. 
In this case, a linear approximation of the emitted current in 
Eq. 5 can be used. 𝐺𝑒𝑚𝑖𝑡 is the emission coefficient which is in 
the range of 10 – 30 mA/V for practical cathodes. 𝑈𝑐𝑢𝑡𝑜𝑓𝑓  
describes the cutoff voltage which can be obtained from 
previously published results [21]. 
𝐼 = 𝐺𝑒𝑚𝑖𝑡(𝑈𝑔𝑟𝑖𝑑 − 𝑈𝑐𝑢𝑡𝑜𝑓𝑓)         (5) 
 
Fig. 3 The driving voltage and the emitted current  
 
The bunch charge, bunch length and emittance are important 
parameters of the RF gun in the linac. The bunch charge can be 
integrated from the emitted current and is 
𝑄 = ∫ 𝐼(𝑡)𝑑𝑡 =
𝑈𝑟𝑓
𝑓
2𝐺𝑒𝑚𝑖𝑡
2𝜋
(sin 𝜃 − 𝜃𝑐𝑜𝑠𝜃)    (6) 
where 𝑐𝑜𝑠𝜃 = (−𝑈𝑏𝑖𝑎𝑠 + 𝑈𝑐𝑢𝑡𝑜𝑓𝑓)/𝑈𝑟𝑓  denotes when the 
electrons are allowed to be emitted. The bunch length of the 
emitted current is determined by the phase 𝜃 with 𝜏=𝜃/2𝜋𝑓.  
The electrons will travel to the grid under the applied electric 
field. To simplify the calculation, the space charge effect is 
ignored and the electric field between the emitter and the grid 
is regarded as a uniform distribution, as shown in Fig. 2. The 
electron’s longitudinal position follows Eq. 7.  
?̈?(𝑡) =
𝑒
𝑚
𝑈𝑔𝑟𝑖𝑑
𝑑
           (7) 
The electrons may experience both accelerating and 
decelerating electric fields. Only the electrons emitted before 
time t’ is able to pass through the grid and escape the cathode-
grid region to the anode. Otherwise they will be reflected back 
to the emitter by the decelerating electric field. The time 𝑡′ 
determines the bunch duration from the emitter, which is 
defined by Eq. 8. 
𝐿(2𝜏) - 𝐿(t′) = 𝑑          (8) 
It is preferred to have t′  close to 2𝜏  to reduce the beam 
current lost, since the backstreaming electrons will reduce the 
lifetime of the cathode. In this case, the gap distance 𝑑 should 
be as small as possible. However, it has a physical constraint of 
about 0.16 mm. The gap length also sets a limit to the voltage 
between the cathode and the grid, which is 𝑈𝑟𝑓 +  |𝑈𝑏𝑖𝑎𝑠|, due 
to the vacuum breakdown.  
The theoretical model provides the emission process of the 
electron beam, as well as the relationship between the electron 
bunch length, bunch charge, and the applied RF and bias 
voltages. The bottom threshold of the emitted bunch length for 
a given bunch charge can be obtained by solving the Eq. 4-8. 
Fig. 4 shows the results at 1.5 GHz and 3.0 GHz, respectively. 
In the calculation, the gap distance of 0.16 mm was used. A 
reasonable emission coefficient 𝐺𝑒𝑚𝑖𝑡  of 18 mA/V, and the 
limit of 𝑈𝑟𝑓 +  |𝑈𝑏𝑖𝑎𝑠|  = 600V was chosen. With a bunch 
charge of 33.3 pC at 1.5 GHz, the bunch length is about 68 ps 
when 𝜃 = 40°. With a bunch charge of 16.7 pC at 3.0 GHz, the 
bunch length is about 23 ps when 𝜃 = 45°. For this idealised 
case operating at higher frequency helps to reduce the emitted 
bunch length. 
 
(a) 
 
(b) 
Fig. 4.  The relation between bunch length and bunch charge at different 
operating frequencies, (a) 1.5 GHz, and (b) 3.0 GHz. 
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IV. DESIGN OF THE ELECTRON GUN GEOMETRY 
The theoretical analysis does not include the effects such as 
the space charge, thermal emission distribution and the beam 
dynamics between the grid and anode. In this section, a practical 
electron gun is designed. The performance was investigated 
through numerical particle-in-cell simulations.  
The design of the RF gun is based on the Pierce-type 
configuration which is commonly used in the conventional 
vacuum electronic devices, such as traveling wave tubes, 
klystrons and inductive output tubes (IOTs) [22]. The initial 
geometry was generated based on the Vaughan synthesis [23] 
with 4 input parameters, including the beam voltage, beam 
current, emitter radius as well as the beam waist, as listed in 
Table 1. The initial geometry was then used as the starting point 
for further optimization to get more accurate simulation results 
and to further improve the electron beam quality, including 
good laminarity and a small emittance. Ideally, the finite-
difference-time-domain method and particle-in-cell (FDTD-
PIC) simulation which is able to simulate the beam dynamics 
when driven by RF field is required. However, it is time-
consuming as a fine mesh has to be used to represent the thin 
grid structure. In the optimization, it was more practical to use 
2D DC-voltage gun design code EGUN to simulate the electron 
beam trajectory since only 5% of the simulation time was 
required. The optimal geometry was then applied with the grid 
structure to investigate further beam dynamics with the RF 
driving field using the FDTD-PIC code MAGIC. 
The Pierce-type gun is normally with a curved emitter 
surface to achieve a large beam compression ratio, however, it 
is not a critical parameter of the required RF gun since a large 
beam radius is acceptable. The emitter surface was therefore 
simplified by using a readily available, cost-effective, 
commercial gridded cathode. The model chosen was the 
NJK2221A gridded thermionic cathode from Japan Radio Co. 
Ltd. It has a flat emission surface with a radius of 4.0 mm, and 
a grid distance of 0.16 mm. The flat emitter surface also helped 
to save the simulation time since a less dense mesh grid could 
be used to represent a flat surface as compared to a curved 
cathode surface.  
The beam trajectories of the optimized geometry simulated 
by EGUN are shown in Fig. 5(a). The acceleration voltage 
between the cathode and anode was 25 kV and the emitted 
current was 1.0 A. The radius of the beam waist was ~1.5 mm. 
The beam trajectories ware exported for post-processing the 
emittance. The root mean square (RMS) normalized transverse 
beam emittance defined by 𝜀rms = √〈𝑥2〉〈𝑥′2〉 − 〈𝑥𝑥′〉2 at the 
exit of the anode was 1.0 mm⸱mrad, where 𝑥 and 𝑥′ were the 
position and angle of the electrons in x coordinate [24]. Its 
geometry was then simulated with MAGIC. The complete 
configuration including the input cavity described in section II 
together with the grid structure is shown in Fig. 5(b). When the 
gun is only driven by the DC acceleration voltage without the 
RF voltage, the simulation results are the same as EGUN. When 
driven by an RF voltage and a bias voltage, the electron bunch 
was generated. Fig. 6 shows the spatial distribution of electrons 
at different time frames, corresponding to the process of bunch 
emission from the emitter, bunch acceleration by the electric 
field and at the exit of the anode. 
 
(a) 
 
(b) 
Fig. 5 The optimized geometry of the gun from EGUN (a) and the model of the 
RF gun including the input coupler used in simulations with MAGIC (b). 
 
  
Fig. 6 The spatial distribution of electrons at different simulation time frames, 
(a) bunch emitted from the emitter, (b) bunch acceleration by the electric field, 
(c) bunch at the exit of the anode. 
V. PERFORMANCE OF THE RF GUN 
The performance of the RF gun was studied by applying 
different combinations of the RF and bias voltages. The 
simulated results of the peak emitted current as a function of the 
applied voltage are shown in Fig. 7. At different DC bias 
voltages, the curves are close to each other at the same total 
voltages 𝑈𝑔𝑟𝑖𝑑 = 𝑈𝑟𝑓 + 𝑈𝑏𝑖𝑎𝑠. The results show good linearity 
of the emitted current over a wide range of the grid voltages, 
which validates the approximation of Eq. 4. The value of 𝐺𝑒𝑚𝑖𝑡  
from the linear fit was about 18 mA/V.  
Fig. 8 shows the emitted current from the cathode and the 
collected current at the entrance of the acceleration cavity at 
𝑈𝑟𝑓 = 170 V  and 𝑈𝑏𝑖𝑎𝑠 = −115 V.  The waveform of the 
emitted current matched well with the theoretical prediction. 
The amplitude of the collected current pulse waveform of the 
emitted current was about 40% of the emitted current. The 
charge in the individual collected and emitted current pulse was 
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calculated by integrating the current and they were found to be 
72 pC and 43 pC, respectively. The ratio between them was 
about 60%, which indicated that 40% of the electrons emitted 
from the cathode backstreamed to the emitter surface due to the 
deceleration voltage. The PIC simulation shows a much larger 
value than the theoretical prediction.  
 
Fig. 7 The relationship between the grid voltage and the emitted current. 
 
 
Fig. 8 The emitted current from the cathode and the collected current at the 
entrance of the accelerator cavity. 
 
The Full-width-half-maximum (FWHM) lengths of the 
emitted and collected bunches were 72 ps and 107 ps 
respectively from the simulation. It is much larger than the 
theoretical prediction. The theoretical model did not include the 
effect of space charge at the emitter, thermal emission 
distribution and the beam dynamics between the grid and anode. 
Further simulations were carried out to identify and quantify 
these factors which resulted in the widening of the bunch. they 
include: 
 (1) Velocity differences due to the different grid voltages as 
a function of the time. The head of the bunch had larger energy 
and the tail had less energy when driven by the RF field. 
Considering electrons accelerated by grid voltages 30 V and 
10 V, the time difference was 81 ps with a traveling distance of 
0.36 mm (the grid distance plus the grid thickness) in the PIC 
simulation which takes into account the space charge at the 
emitter. It is the major reason for the widening of the pulse. 
(2) Different path lengths of the electrons. The electrons 
emitted from different positions traveled with different paths. 
The electrons emitted from larger emitter radius travel longer 
distances. The difference in the traveling time from the EGUN 
simulation was 28 ps.  
(3) The space charge force accelerates the head of the bunch 
and decelerates the tail of the bunch. EGUN simulations show 
there was about 16 ps additional contribution to the pulse length 
due to space charge effects. The space charge force would have 
less impact when operating at a smaller beam current. 
The sliced transverse emittance was also calculated by 
statistically counting the electrons at the exit of the anode. 
Fig. 9 shows the correlated emittance and the current of the 
electron bunch as the function of the simulation time. The 
emittance was lower at the head of the bunch and it increased 
as a function of the bunch charge. The major part of the bunch 
had an emittance of less than 17 mm⸱mrad. The tail of the bunch 
has larger emittance however the current contained in this part 
of the bunch was small. The noise of the emittance at the end of 
the bunch was due to the unstable statistical variation due to the 
small number of electrons. The PIC simulation showed a much 
bigger emittance compared to the static electric field case. The 
relatively weak acceleration field due to the RF voltage applied 
between the cathode and grid, as well as the uneven space 
charge force on the bunch were the main reasons for the high 
emittance of the RF gated gun. 
 
Fig. 9 The emittance of the electron at the exit of the anode. 
 
By varying the RF and bias voltage, the bunch length and 
bunch charge of the collected current change accordingly. 
Fig. 10(a) shows the simulation results at different 
combinations of 𝑈𝑟𝑓  and 𝑈𝑏𝑖𝑎𝑠  at a driven frequency of 
1.5 GHz. When fixing 𝑈𝑏𝑖𝑎𝑠  while increasing 𝑈𝑟𝑓  both larger 
bunch charge and longer bunch length were observed. 
However, the growing of the bunch charge as a function of 
bunch length follows a linear trend, which was different from 
the theoretical prediction shown in Fig. 4. The theoretical model 
showed that smaller 𝜃 (equivalently larger 𝑈𝑏𝑖𝑎𝑠 value) helps to 
reduce the bunch length. The PIC simulations also show the 
same trend. However, its impact on the bunch length was very 
small. By increasing the bias voltage from -80 V to -170 V, the 
difference in the bunch length was about 5 ps only at the same 
bunch charge. The minimum bunch length of 106 ps could be 
achieved with a bunch charge of 33.3 pC.  
The average transverse emittances at different RF and bias 
voltages were also studied. When fixing 𝑈𝑏𝑖𝑎𝑠 while increasing 
𝑈𝑟𝑓 , a higher grid voltage can be achieved and it helped to 
reduce the transverse emittance. A minimum transverse 
emittance of 12 mm⸱mrad could be achieved. At different bias 
voltages, the trend of transverse emittance was similar. Since 
the DC acceleration region was also a main source of the 
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emittance, it is possible to improve the emittance by further 
optimizing the geometry of the cathode and anode. 
Fig. 4 shows that the length of the emitted pulse can be 
reduced by operating at the higher RF frequency. The PIC 
simulation proved the trend, however, it was found that more 
electrons were backstreamed to the emitter when operating at a 
higher frequency. The bunch length and bunch charge at 
different grid voltages with RF frequency of 3.0 GHz are shown 
in Fig. 10(b). The minimum bunch length of 100 ps could be 
achieved with a bunch charge of 16.7 pC, which means the 
bunch length at the entrance of the linac was reduced slightly at 
a higher frequency. Since the first two reasons for the pulse 
widening were mainly determined by the electron gun structure. 
In this case no significant advantage was to be gained by 
operating at higher RF frequency as this does not reduce the 
pulse width or shortens the bunch length. When operating at a 
higher frequency, the emitted current had to have larger 
compensation due to the higher ratio of the backstreaming 
electrons. The space charge force, therefore, became larger and 
resulted in longer pulse widening. It also results in larger 
emittance.  
 
(a) 
 
(b) 
Fig. 10 The relationship between the bunch length and bunch charge at different 
grid voltages with RF frequency of (a) 1.5 GHz and (b) 3.0 GHz. 
 
VI. CONCLUSION 
In this paper, a thermionic RF gun for particle accelerator 
applications was investigated. The electron gun was based on a 
commercially available gridded cathode and the geometry was 
optimized based on the Pierce-type configuration. A theoretical 
model was used to predict the relationship between the bunch 
length and charge. However, it is limited by ignoring the effect 
of space charge at the emitter and the beam dynamics between 
the grid and anode. The performance of the electron gun was 
further studied by PIC simulations. The reasons for the pulse 
widening have been analyzed. 
The minimum pulse length of 106 ps could be achieved with 
a bunch charge of 33.3 pC when the driving RF frequency was 
1.5 GHz. The average transverse emittance was about 17  
mm⸱mrad. Increasing the driven RF frequency helps to reduce 
the pulse length of the emitted current. However, the 
improvement to the collected current was not significant. The 
velocity spread due to the different grid voltages as the function 
of the time is the main reason for the widening of the pulse from 
the emitted current to the collected current at the entrance of the 
acceleration cavity. It is not dependent on the driving RF 
frequency and is mainly determined by the grid distance and 
thickness of the grid structure.  
Compared with the photocathode injection gun, the 
emittance of the proposed RF gun is much larger, which limits 
its applications in linacs that can operate with electron pulses of 
a certain brightness. However, by combining the merits of 
compact, demountable, and long lifetime, applications can be 
found in medical and industry linacs where the ultimate 
brightness is not required.  
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